Bioactivation of lapachol responsible for DNA scission by NADPH-cytochrome P450 reductase.
The reduction of the naphthoquinone derivative, lapachol, which is responsible for its bioactivation was examined using microsomal preparations and NADPH-cytochrome P450 reductase (P450 reductase). Phenobarbital (PB) pretreatment resulted in an induction of enzyme activities for cytochrome c reduction (1.54 times) and lapachol reduction (1.20 times) by hepatic microsomal preparation of rats. The specific activity of lapachol reduction by purified P450 reductase showed 56-fold higher than that by untreated liver microsomes. Addition of antibody against P450 reductase (2 mg of IgG/mg of protein) to the microsomal incubation mixture caused an immunoinhibition of cytochrome c (32%) and lapachol (19%) reduction activities, suggesting that P450 reductase catalyzes lapachol reduction. Generation of superoxide anion radical (1321 nmol/mg per min) in approximately equivalent amounts of with NADPH consumption (941 nmol/mg per min) was detected during metabolism of lapachol by P450 reductase. Electron spin resonance (ESR) experiments confirmed generation of superoxide anion radical and hydroxyl radical as these 5,5'-dimethyl-1-pyrroline N-oxide (DMPO) adducts. Incubation of lapachol with P450 reductase caused a cleavage of DNA which was reduced in the presence of Cu,Zn-superoxide dismutase (Cu,Zn-SOD), catalase(1), and hydroxyl radical scavengers such as dimethyl sulfoxide (DMSO) and thiourea. Taken together, these results indicate that lapachol is bioactivated by P450 reductase to reactive species, which promote DNA scission through the redox cycling based generation of superoxide anion radical.